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5l A B VR TR HL(LABCONCO 23 Al . 38 D XU A AL Fh iE 47 V8 o T M A 3 5 L o o BRI
0.20 g UL T ¥ i, B T RIS L5 (PTFE) W6 il B, in A 6.0 mL ¥ HNO, (4 #746i , Merck, fE[E) |
2 mL H, O, (YL 4h , Merck, 8 [ED ; 2K 5 - £ MARs % P800 T8 i AL CCEM 2 W] 56 ED i fig s i s T
afi K (Milli-Q # 4l K Ab # &R 45 . 55 8 . Milipore 23 7] . 18.2 MQ) ¥ fif 78 5 & 20.0 g. B R 7 009 .

K T R R A 25 B8 R BT A (ICP-MS, 26 [/, Agilent 7500a) M il Ak & & B T &, B E
T V8 0RT SC  HHEA T RIS (oA i 1) SRR | 43 B R A AR L OBU R i 8 B 43 A K, HL R ICP-MS T
ESHGENFR 1, MWE1IWTHESEMENEYTEEBTESE., S2BZTRBARERR
10 pg » mL " FIAARIEW 10 pg « mL " AT R BSR40 5 0009 HNO, Fi B8 100 pg « L™ DO ¥ H £ E
Agilent A H],

#1 ICP-MS ITESH
Table 1 Working parameters of ICP-MS

i H I i H I
LIEPIES 1350 W B BT R 1.0 mL + min™!
R IR 6.3 mm A3 HTAR R quantity
BT RS 16.0 L+ min~! EEE[: RN jump
B ot 7 1.00 L * min~! HF it B 5 15 B 30 ms
AL 1.15 L+ min~! AR ETEL 3
R A 1.0 mm U3 ] 0.100 0 s
I 0.8 mm

T 25 H AL T

1.3 BAFHH

fi il SPSS #k {4 (Statistical Product and Service Solutions, v22.0, IBM 2 @) H Y B2 /R % #H 26 43 #7
(Pearson Correlation Analysis) Fll A T3 #7 (Factor Analysis) » %t 20 52 i) 4: J& JC & Z 8] 47 78 1Y N FE FH 56 56
RUEATHEFE . T8 e AT 2 A R T R Z R A OB R L I 7E Kaiser A5 46 IF 38 58 5% 1 3L At -
HEAT R e AT B — A F R AT e e D S B A AR AR DG OC AR, DT A5 58T 1Y 25 PR R I, ORI 4% 43
JE B RSB EEW R, T2 0 T 0T USRI % & R E R W ESIEN . AR AE P<<o.
05 B 25T S HEATAH OG0 A AL - 4347

1.4 EEZH(EF)WNITHE

B 4E R4 (Enrichment Factor, EF)#EERA i F2 b M Bk 1k 24 1 B A 8 M oT R AE A S % 0 R (kbR ik
JCE) RAIW AR TR I R R I &R W R S e AR IR E R AR R ITE
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WA I X R )2 VTR T i 13 Fh 4 8 oo A4S 10 Fhfif i 4 )@ ot % (Co, Ni, Cu, Zn,Cd,Cr,Ba, Ag,Pb
1 Mn) 3 B BT E (Fe 1 AD DL HET R (U) I E LS SR L% 2,
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Table 2 Concentrations of 13 metal elements in the sediments

- Al/ Fe/ Mn/ Cr/ Co/ Ni/ Cu/ Zn/ Cd/ Ag/ Ba/ Pb/ u/
r mgeg 'mgrg 'l pgeg ! pgeg !t pegrg pgeg ! pgrg o pgeg ! opgrg opegrg ! pgeg o pgrg ! pgrg!
S 43.67 33.45 306.1 57.47 10.95 24.26 14.37  85.77  0.178  0.167  373.3 12.8 12.11
FrifEfm 2 10.54 4.69 177.7 7.54 8.94 9.34 6.57 34.66 0.071 0.089 94.46 6.10 2.76
IEPN: ] 61.67 43.02 681.6 71.22 27.72  43.27  24.22 152.6  0.328  0.328  584.4  22.12 17.4
fe/ME 21.79 23.24 81.1 40.00 3.25 13.70 4.86 22.83  0.105 0.069  264.8 4.13 6.77
LREIAAE 45.43 34.16 254.8 57.16 5.60 20.04 12.38 83.88 0.155 0.116 337.8 11.28 12.06

SEU AR LR ] L WAL R ZUURRY T Co, Ni,Cu,Zn.Cr,Ba, Ag,Fe, Mn, Al #1 Pb i & &, F 8 AH
B0 B S T8 3 A R o B R (L DX 5 B B 2 AR 2 VoI 8 R B R 4 e S %) X el i R X S B
A1 AU N A A 00 T 9 DX (B 2) 3 R A AR R Cai S5 R SE A5 R — B0 6T Cd FUBUR T R
U A8 A AR FNARE B A pig & 2 1 A0 AR 3 8 ] I 2 R U 4 P L AR W AR . 33 19 40 A 5 aE ] BB 2 1
FHEH 4R BT W K AZE B3 0, B BE VR OB RO B R 0 AN B R B O R AU T AR A A
PFaT i TR vh 2 Jm & BRGNS T RE R A v ) O 2 T IS TR B AR AR R (B 2) s 3 I TTT AR W K -
IEA% L N B R 2 P L rp B L G R B A B R R TR s A K IR R 2L T B A TR K i
14 4 J 15 3 ok 1 A Vi e i 3 1) 4 B 90 B T e X IR A — /NI A A A M G R TR L X AT R 2 i N
A VAL AR DXk 4w A e AR A R (B 20, I R A E 2 AR 4 Dy S B A B IE 1A B AR TP A A R Y
M B AW EHEEA AW, b — 0 F 2 WU, B b B R VR R 08 i AT
Wt A AE BT 1 L O S A UUR B A8 B 25 1 SO & R A DR R B2 AR Y X T AL R
G348 JB TG ER B A3 AT R A AR AR L2 AL, PT R Z: 14 v 65T A8 A v R0 o A VA 225 ) 31 DX Sl it T o A R SR AR
DX 35 7K SC 2% A3 By e () A R ) 45

22 GRREEMRYUHINEERY

DU v < T AT RE 32 1 AR AR R IR s N A 17 gl 2 Wi, Ry #4638 4% 4 8 JC 3R AN ) SR IR B0 s SR B0 AR W 583
BT EAMRILE ERE M LM E R TG AL R ZVORY P AR SR T R E R RB(EFR) GR 3) ., 115
EF i, 5% JH M b 16 ¥ PE A€ S0 A8 19 ALFE bR iEAL T R 5 i 8 X i 22 5, 9 S (DR 4 R D 2 3t 5 5t
B AR 109 Sl AR B TA B BT R I HE Ag R U FEIZ AT 58 1 3010 75 5% (B 2% . 8 {0 1) H A v
S FE ., Hh . Mn,Fe,Cu,Cd Hl Pb 5 JHRE B}y 5 WU PR G 3 19 4% 42 J 5 5 5 Cr, Co, Ni Ml Zn
FIHARZAMFEOFEAC XA F 506 s ALF Ba SR 2 Bk LIV 2(E 5 Ag 2R T 1848 43535 Fpifg 1
DU HER AR 200 S s U SR AR RE 4R X U iR Sl . W TETFX A& RN E £ R,
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Fig.2 Distributions of 13 metal elements in the sediments
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Table 3 The results of enrichment factors (EFs) analysis of thirteen metal elements

WHERBER)
& R’ HoRE wAERE
THE T A 22 SD LR

Al 69.3 mg g ! — — — —
Fe 31 mg+g ! 1.58 0.31 1.51 T
Cr 60 g+ g ! 1.58 0.29 1.61 B
Mn 340 pg » g ! 1.40 0.72 1.21 N
Co 10 pg = g ! 1.59 1.04 1.05 NS
Cu 13 pugeg ! 1.69 0.53 1.48 NGE S
Zn 80 pg e g ! 1.66 0.49 1.57 TR
Ni 26.8 pg+ g ! 1.43 0.37 1.47 NS
Ag 0.15 pg = g ! 1.77 0.81 1.25 NGRS
cd 0.16 pg = g ! 1.85 0.81 1.62 B
Ba 445 pg e g ! 1.40 0.51 1.16 NCE S
Pb 13 pgeg! 1.49 0.48 1.30 NS
U 11 pgeg ! 1.81 0.46 1.71 B AR

RS L v S €

23 BEFHMRREENTREZMER

ARG, 13 P4 JE o0 R B i B 9 RRAE A A B BT SR (KMO K 36 >>0.7, Bartlett”s K 30 19 sig.
<<0.05) 3G A R F A s F . a2 4 T & 48 o0 2 Z 0] A A DG 2 B8O B 115304 G B 9 R AE 8RR AR
Al i, A B ER 5 A TR B RRIEAE R DTk R F TR ST 0 AW AU RE R A i BN & R 7V L R 2 DU
Vb 2 4 J8 JC F 2 8] (0 M BERTE 22 R AE I S 2 0 38 14 45 4 T 15 G 1 R B9 i B Ak — 5 1 IS AR B

B A& SRR ZEPMHEEE., NFEATLEE,Al 5448 Cr,Fe,Co,Ni,Cu,Zn,Ag,Pb Z
6] #BAFAE B FH A KK FR s Mn 5 Fe,Co, Ni,Cu,Zn, Pb 2 [A] &R A7 1 . 25 A1 56 56 22, M 56 R BUAR 1 0.62 LI |5
Fe 5 Al.Cr,Mn,Zn,Pb Z AL AR AAAE i A OCOC R 5 5 G R I L & & B Z AW A7 AE AR G L e dn Cu 55 Co,
Ni,Zn,Pb Z 84 A A7 M S Cr, Cd MBS HEITC R U Z I AFFEAH JCME o DIAH JC P 20 B 45 58 Sy S iy, A
R AT B TC F W] REAE SR FISR U8 AT — g i DG HR R I, 30 S A7 7 R DG 1 1) 4 Ja T g EL A AH (LAY 3k £k
SRR S FOR IR (R 1) . SR JE X IE R 2 U 1) 2 80 4 08 647 o b BURRIE (R F 1.1 19 3 N
FCRBUF 220 78.81%0) » Zead e K7 25 it 459 B e % 5 25 I F I /-5 B L3k 5. IRF 1 7 22 5Tk R
51.49% ACEKMIC R A AN Al,Mn,Co,Ni,Cu,Ag Fl Pb; T 2 (7 22 5Tk Ny 18.32% KM IT R A AN
Cr,Cd 1l U HF 3 W7 2251k 8.999 % AR MITTE N Ba(K 5), HAFEERE Fe 1 Zn 73X 3 NHF
I DK A 2 6 45 T 1 STRRAER AE 0.4 DL (K 5D,

FAREF AR, S 2.2 TN EERBERHY A BTEF 1 P AR EHXE LR AL, Mn, Co, Ni,
Cu,Ag,Pb U H , H & REEE WA R & A, Ui WX 28 4 Ja 32 21 (9 52 ) £ B2 A W) 57T fig B AH LY
R 2 Y Cr,Cd A U, How 48 R BES R R B 42 8 5 46 L T BB i 1 32 B B VR A R0 N 16 3h
M (£ 3,38 5) . WYL, WXt TR T ENREN SR 58S EF A TRt E £ REN
R 53 235 A — 30, X U 42 J 0 B SRR B T AR S AR L SR IR A OG . TRtk 25 A B A R AR T a4 L
PR I 6 4 Ja 14 4776 143 A7 6 AS B 5 b AL AR b DX AT B A 52 el TR 3R

S JEICE AL DA Bk b B0 7 1) A% 36 2k B b oRE X RSO L BB S 1 SN T IO AR b B R R A3 1 FE AR
HY AT DA, PR F 1 e Z 44 Co,Ni, Cu, Mn, Al FI Pb 0] G8J8 T [ 4R 5 5, 30 3k U5 T i Ml 2 7 0 1= 338
AL =8y (3 5) . ST IC R U Bk [ KRl H 48 AR 43 i Tl 6 A L 2 5 SRR o DT R K il
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BRI Ok 5T R AR T 3, He IR R el T A R R AT AR S AR R IR B R AR . R
WF 2 e RAE Cr.Cd A1 U Al BEARJE T A R U5, A1 32 F Bl Y s A RN W 185 3l A9 52 i (35 5) o 40 SRk
WEFE U B Bt 0 R Ba £ 2 AR W IR, 5 08 PR 2R W 0G S A 6T AT AR S S T TR AR 7 0 Y 4R
FRET . Ba AT AR A2 F 1 IR B DT AR 4 5 W) o 5L FC 5 R 7 2B 5T DCONT DL 22O R T DR PR 3
Ba fE %0 T h 22 YRGS BT . S350 I R Fe 09 %404 n] LAWY R i & s sl SR & )R &
AEILTONE , A& BB VUG T I Fe 52 S RATEMLK R, KPS Zn BH R (R 0. ([
I} Fe Al Zn AR POR PRI A K LIRS ROLR . S 5 AW RIS R . 720 A 45 21 n]
PAF ] Fe F1 Zn RILM XS 3 AP 784 B 51wk X Ui Fe F1 Zn 7T BE 32 3] B 98 0 PRI hy ok 5 3 ] AR
F 22 32 B R W3 Sl B A (R 5) .

R4 MRYPESHERTRZEANEXREER

Table 4 Correlation coefficent matrix among thirteen metal elements in the sediment

Al Cr Mn Fe Co Ni Cu Zn Ag Cd Ba Pb U

Al 1 0.636 ™" 0.504 " 0.642 ™ 0.7227 0.698 ** 0.800 ™" 0.7317 0.490 " 0.086 0.187 0.864 " 0.345
Cr 1 0.027 0.479" 0.067 0.072 0.299 0.622 " 0.188 0.464" —0.093 0.335 0.643 ™
Mn 1 0.623 ™ 0.646 ** 0.747 0.8157 0.726 ™ 0.230 0.146 0.531* 0.827* 0.060
Fe 1 0.336 0.432 0.509 " 0.852™ 0.461" 0.159 0.446" 0.725" 0.157
Co 1 0.970 0.860 ™" 0.484 " 0.418 —0.083 0.238 0.793 " —0.073
Ni 1 0.891 7 0.5717 0.450*  —0.025 0.387 0.828™  —0.048
Cu 1 0.720 ™ 0.387 0.138 0.365 0.911™ 0.203
Zn 1 0.368 0.428 0.301 0.822 " 0.438 ™
Ag 1 0.989 0.208 0.487" —0.016
Cd 1 —0.133 0.109 0.307
Ba 1 0.353 —0.318
Pb 1 0.218
U 1

TE e AAFAEAR SN 5 o Sy 25 VEAR OG5 25 11 A T i

x5 RAKERER BFAMERRENE

Table 5 Table of factor analysis information extraction after maximum varimax rotation

4 B AT 1 HF 2 HF 3 Dij e
Al 0.820 0.434 0.082 0.867
Cr 0.179 0.893 —0.021 0.829
Mn 0.659 0.063 0.592 0.789
Fe 0.414 0.444 0.665 0.811
Co 0.966 —0.132 0.036 0.951
Ni 0.943 —0.096 0.195 0.936
Cu 0.904 0.178 0.236 0.904
Zn 0.560 0.640 0.476 0.949
Ag 0.504 0.078 0.168 0.289
Cd —0.103 0.657 0.146 0.464
Ba 0.189 —0.234 0.842 0.799
Pb 0.869 0.263 0.344 0.942
U 0.101 0.792 —0.282 0.716

FEAFAE 6.694 2.382 1.170 —

FE/% 51.490 18.324 8.999 —

BRI E/% 51.490 69.814 78.813 —

e R AT
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Vb B VA 38k 2% 2 DORR A v 22 b 42 T T 2 A0 20 A SRR AE L 3R B R 28 R A o A0S AU S O AP LR R
F1 A T AL 5 RN RE B 43 1 A 0 B S AR, T AE S AN I 5 DXk Y Bl D A AT 0 RN K SRS A G, B A T L
B RARBUK G G 8 T R ke, e AU TR A g, WILEERZTEY PSR TR EE R
BEF) M4 3 .Cr,Zn, Cd fl U IR E F % ;Fe,Co, Mn,Ni,Cu,Zn,Ag.Cd,Ba fl Pb JILE ., fEABF 5
WA R EE., BAEHFAIE R, 5 EF 925 LA 0L, BT 6k 58 % 2 iR 1 Co, Ni, Cu, Mn,
AL Pb A REJE T F SRR UR , R VR T bili W2 A1 A 38 XUk ™= 9 Cr, Cd, U AT REHR & T A0 SR IR, 32 31 il U5 A
FUN R 6 Bl 52 W 38K s Ba 52 B AE VD& S52 0 s Fe Al Zn ALSZ B A SR R IR Ry o U5 4L [F] 52 ), 340 32 3 AE
Vs sl s
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Enrichment Characteristics and Influencing Factors of Various Metal
Elements in the Surface Sediments of Subarctic Areas

HAN Tong-zhu'?, ZHENG Xiao-ling"'?, TENG Fang'?, CHEN Jun-hui"'*, WANG Bao-dong"*
(1. The First Institute of Oceanography s SOA , Qingdao 266061, China;
2. Key laboratory for Marine bioactive substances and modern analytical Technology, SOA, Qingdao 266061, China)

Abstract: The concentrations of thirteen metal elements (Fe, Mn, Al, Co, Ni, Cu, Zn, Cd, Cr, Ba, Ag,
Pb and U) in the surface sediments of subarctic areas including the Bering Sea, the Chukchi Sea and the
Canada Basin are determined by using inductively coupled plasma mass spectrometer (ICP-MS), and the
factors influencing the metal elements in the surface sediments are discussed by means of factor analysis
and enrichment factor (EF) analysis. The results show that the concentrations of Co, Ni, Cu, Zn, Cr, Ba,
Ag, Fe, Mn, Al and Pb in the surface sediments are higher in the Chukchi Sea and the Canada Basin and
relatively lower in the northern part of the Bering Sea. The concentrations of U and Cd are higher mainly in
the northern Chukchi Sea and tend to decrease gradually toward the Canada Basin. The EF analysis indi-
cates that Fe, Mn, Cu, Ag, Ba, Co, Ni and Pb are not enriched in the sediments of the study areas, while
Cr, Cd, Zn and U are mildly enriched. The clustering results of the metal elements obtained through the
factor analysis are consistent with the distinguishing results of the metal element enrichment degree calcu-
lated through the EF analysis. It is, therefore, considered that Al, Mn, Co, Ni, Ag and Pb are probably
affected mainly by the weathering of land rocks and soils; Cr, Cd and U mainly by the terrigenous input
and the human activities; Ba mainly by the biological activities; and Fe and Zn not only by the natural and
anthropogenic sources, but also by the biological activities. The human activity is a major reason for the
enrichment of metal elements in the sediments of the subarctic areas.
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